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[57] ABSTRACT

The fossil-fuel fired vapor generator has a vertical flue
formed of vertical tubes and a funnel at the bottom end
which is formed by helically extending tubes. In addi-
tion, the helically extending tubes are in communication
with the vertically extending flue tubes via bifurcation
elements in order to convey the working medium up-
wardly into the flue tubes. The flue may be of rectangu-
lar cross-section with the funnel of similar shape or the
flue may be of at least a pentagonal cross-section while
the funnel has a rectangular outlet opening.

11 Claims, 2 Drawing Sheets
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1
FOSSIL-FUEL FIRED VAPOR GENERATOR

This invention relates to a fossil-fuel fired vapor gen-
erator. More particularly, this invention relates to a
fossil-fuel fired vapor generator having a vertical gas
flue and a funnel disposed at the bottom end of the flue.

Vapor generators have been known to be constructed

with a vertical gas flue and a funnel at the bottom end of

n]

the flue with both the flue and funnel being formed of 10

tubes which are welded together in a gas-tight manner
in order to convey a working medium therethrough. In
one known vapor generator, the funnel tubes extend
parallel to vertical planes while the gas flue also has
vertically disposed tubes. This vapor generator is rela-
tively simple to design and construct, particularly in the
case of large vapor generator units. This is because the
flue tubes can receive the vertical loadings, particularly
the weight, without additional strengthening. Also, the
gas flue may be connected very simply to the funnel.
However, this vapor generator has a considerable dis-
advantage in that the temperature of the working me-
dium 1ssuing at the top end of the flue tubes varies very
considerably since differences in the supply of heat in
the funnel via the working medium during flow through
the tubes are not equalized.

In the most common case of vapor generators having
a rectangular cross-section gas flue and four funnel
walls, endeavors have been made to compensate for the
differences in the supply of heat between the middle
wall zones and the corner zones by restricting the work-
ing medium in the relatively cool tubes of the corner
zones. However, the restriction of the working medium
has not only been very expensive but also causes pres-
sure and power losses. In the case of vapor generators
having a rectangular flue cross-section, it has been
found that additional disturbances in the heat supply,
for example, caused by soiling, cannot be readily com-
pensated. Consequently, temperature differences of up
to 160° C. may be operative at the end of the flue tubes.

A vapor generator 1s also known wherein the funnel
tubes and flue tubes extend helically. In this construc-
tion, there is compensation for an uneven heat supply
since the working medium flowing through the tubes
passes through substantially all of the existing heat
zones. However, this vapor generator has the disadvan-
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tage that design and manufacture are very costly since

the helically extending flue tubes are often unable, un-
less strengthened, to carry the weight loading of the gas
flue and of the funnel. Further, the cost increases as the
size of the vapor generator increases.

Accordingly, it is an object of the invention to pro-
vide a vapor generator which is of relatively inexpen-
sive construction and design.

It 1s another object of the invention to reduce the
costs of constructing a vapor generator while obtaining
a minimum of temperature differences of the working
medium flowing through the vapor generator.

It is another object of the invention to provide a

vapor generator in which there are minimal tempera-
ture differences in the working medium at gas flue tube
exits even though the normal supply of heat may be
disturbed.
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Briefly, the invention provides a fossil-fuel fired -

vapor generator which is comprised of a vertical gas
flue having a plurality of vertically extending tubes for
conveying a working medium therethrough and a fun-

65

nel at the bottom end of the gas flue which includes a
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plurality of helically extending tubes for conveying the
working medium therethrough. In accordance with the
invention, the helically extending tubes are in communi-
cation with the vertically extending tubes in order to
convey the working medium therebetween. In this con-
struction, the vertically tubed gas flue has all the design
and production advantages of a completely vertically
tubed vapor generator while the effect of the helically
tubed funnel is, without incurring substantial design
expenditure, that the entry temperature of the working
medium into the flue tubes is equalized over the flue
periphery.

As 1s known, the supply of heat in the funnel varies
substantially due to slagging. Also, the heat distribution
in the funnel on partial load depends upon the arrange-
ment of the firing so that control of the resulting tem-
perature distribution is possible only within limits.
Therefore, the funnel is of relatively considerable signif-
icance insofar as heat supply disturbances are con-
cerned.

A temperature disturbance at the beginning of a tube
reacts, of course, mostly on the average specific volume
of the working medium and, therefore, on the friction
pressure drop. Variations in the temperature distribu-
tion are less in proportion as the distribution occurs
geodetically higher. However, the vapor generator
substantially neutralizes disturbances in the funnel such
that friction pressure drops can be affected only by
disturbances occurring above the funnel.

Because of the evening-out of the temperature at the
entry of the gas flue tubes, the vapor generator also
possesses another advantage in that only reduced re-
striction of the working medium in the cooler tubes is
necessary. As a result, the pressure and power losses of
the vapor generator remain small.

Normally, water flows in the zone of the funnel so
that the friction pressure drops are insignificantly
greater than in the corresponding vertically tubed fun-
nel.

These and other objects and advantages of the inven-
tion will become more apparent from the following
detailed description, taken in conjunction with the ac-
companying drawings wherein:

FI1G. 1 illustrates a diagrammatic developed view of
a gas flue and funnel of a square cross-section vapor
generator according to the invention;
~ FIG. 2 illustrates a vertical sectional view through a
connection between the funnel tubes and flue tubes of
the vapor generator of FIG. 1;

FI1G. 3 illustrates a view taken in the direction A of
FIG. 2; and

F1G. 4 1llustrates a diagrammatic perspective view of
a funnel and a part of a gas flue of a vapor generator
having a twenty-four-sided gas flue in accordance with

the invention.

Referring to FIG. 1, the fossil-fuel fired vapor gener-
ator, for example a coal-dust-fired generator, includes a
vertical gas flue 1 which is embodied by a plurality of
vertical wall or bank tubes 10 which are welded to-
gether in gas-tight manner by way of webs 11 so as to
form four equal vertical walls 12, 13, 14, 15 defining a
rectangular flue passage. In addition, the vapor genera-
tor has a funnel 2 which is sealingly connected to the
flue 1 at the bottom end and is also embodied by tubes
20 which are welded together in gas tight manner by
way of webs 21. As indicated, the funnel tubes 20 ex-
tend helically throughout the funnel 2 and communicate
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with the wall tubes 10 in order to convey working
medium therebetween.

As indicated by arrow 16, the working medium, for
example, water, is fed into the funnel tubes 20 at the
bottom and flows upwardly through the tubes 20 and
thence through the wall tubes 10 upwardly as far as the
exits thereof. During this time, the water evaporates by
absorbing heat from the combustion of coal dust within
the generator.

Each funnel tube 20 extends as far as a horizontal
plane 17 which is shown in chain-dotted line in FIG. 1
and which separates the bottom end of the flue 1 from
the funnel 2.

Referring to FIGS. 2 and 3, the top end of each tube
20 extends into a junction of bifurcation element 3 from
which three wall tubes 10 branch.

As indicated in FIG. 1, the funnel 2 has two trapezoi-
dal funnel walls 18q¢, 186 and two rectangular funnel
walls 194, 196 which are disposed in an alternating
manner. The walls 18a, 185 extend parallel to one an-
other and register with the flue walls 12, 14 whereas the
rectangular walls 192, 196 are disposed parallel to the
inclined edges of the trapezoidal walls 18q, 185, respec-
tively and, thus, inclined inwardly of the gas flue 1. The
walls of the funnel 2 thus define a narrowed horizontal
outlet opening at the bottom which is smaller than the
flue passage.

The funnel tubes 20 are of a greater diameter than the
wall tubes 10. Hence, the funnel walls 18q, 185, 19g, 195
can recetve relatively heavy weights of ash. As shown

in FIG. 2, the funnel tubes 20 include an angle a with
the wall tubes 10 near the bifurcation elements 3 of from

100° to 130°. This included angle is as large as possible
so that the length of each funnel wall is as long as possi-
ble. This results in boosting the satisfactory distribution
of the heat uptake for each funnel tube 20. However, the
angle has a bottom limit which is determined by ther-
modynamic and strength considerations of tube diame-
ter and web width.

Referring to FIG. 4, the vapor generator has a verti-
cal gas flue 1’ having twenty-four vertical walls 22
which are embodied by vertical tubes 10’ and webs 11’
welded therebetween. The funnel 2’ is formed at the
bottom with a horizontal outlet opening 23 in the shape
of an elongated rectangle. As shown, the two short
sides of the opening 23 are bounded by two vertical
plane funnel walls 24 each of which merges at the top
end into an inclined plane funnel wall 25. The two long
sides of the outlet opening 23 are bounded by two in-
clined plane funnel walls 26.

As shown in FIG. 4, the respective funnel walls 25, 26
merge into intermediate walls at the upper edges while
the intermediate walls merge into the flue walls 22 at
the horizontal plane 17 which separates the flue 1’ from
the funnel 2'. As indicated, the horizontal plane 17 is
disposed at the highest place of the funnel walls 26.

The funnel 2’ is formed of helically extending tubes
20' which are welded together in gas-tight manner by
way of webs 21'. The flue or bank tubes 10’ and the
funnel tubes 20" intercommunicate with each other and
are flowed through upwardly by water or vapor.

In order to simplify production of the vapor genera-
tor shown in FIG. 4, every three consecutive vertical
walls 22 in the bottom zone of the gas flue 1’ merge by
way of an inclined plane intermediate wall (equivalent
to the inclined plane funnel wall 25) into a new and
wider vertical wall. In this way, the number of sides in
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the helically tubed vertical part of the vapor generator
1s reduced from 24 to 8.

In the case of the vapor generator shown in FIG. 4,
the differences between the heat stressing in the corner
zones and the heat stressing in the wall centers is consid-
erably less than in the case of the vapor generator illus-
trated in FIG. 1.

In an alternative construction, instead of having three
flue tubes 10 branch off from a funnel tube 20, for exam-
ple, one or five flue tubes may branch off from a funnel
tube. Also, a number of funnel tubes can extend into one
flue tube. Instead of using bifurcation elements 3, col-
lectors can be used into which the flue tubes and funnel

tubes extend and which are constructed as mixing col-
lectors.

If tough ash arises in the combustion of fossil fuels,
the webs 21, 21’ can be disposed tangentially to the
funnel tubes 20, 20, respectively on the inside of the
funnel rather than as shown in FIG. 3. In this way, a
very smooth sliding surface is presented to the ash.

Instead of having the plane of separation 17 between
the funnel and the flue extend horizontally, the plane
may extend obliquely to the axis of the flue.

The invention thus provides a vapor generator which
can be simply constructed, particularly for large vapor
generator units. In addition, the invention provides a
vapor generator wherein there is a minimal amount of
temperature variation in the working medium at the gas
flue tube exits even where the normal supply of heat to
the tubes may be disturbed.

‘The vapor generator may be constructed with a flue
of rectangular cross section or of at least a pentagonal

cross section with a rectangular funnel outlet opening.

What is claimed is:

1. A fossil-like fired vapor generator comprising:

a vertical gas flue including a plurality of vertically
extending tubes extending throughout said flue for
conveying a working medium therethorugh; and

a funnel sealingly connected to a bottom end of said
gas flue, said funnel including a plurality of heli-

~cally extending tubes extending throughout said
funnel for conveying the working medium there-
through, said helically extending tubes being in
communication with said vertically extending
tubes at said bottom end of said flue to convey the
working medium therebetween, said funnel having
two inclined walls bounding two long sides of a
horizontal rectangular outlet opening at a bottom
end of said funnel and two vertical plane walls
bounding two short sides of said outlet opening.

2. A fossil-fuel fired vapor generator as set forth in
claim 1 wherein said funnel tubes are of larger diameter
than said flue tubes and wherein at least two flue tubes
branch off from each funnel tube.

3. A fossil-fuel fired vapor generator as set forth in
claim 1 wherein said funnel includes a pair of inclined
plane walls, each said plane wall merging into a top
edge of a respective vertical plane wall of said funnel.

4. A fossel-fuel fired vapor generator as set forth in
claim 1 wherein said funnel tubes and said flue tubes
define an included angle of from 100° to 130°.

5. A fossil-fuel fired vapor generator as set forth in
claim 4 wherein said gas flue has at least a pentagonal
cross-section.

6. A fossil-fuel fired vapor generator as set forth in

claim 1 wherein said gas flue has at least a pentagonal
Cross-section.
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7. A fossil-fuel fired vapor generator as set forth in
claim 6 wherein said funnel includes a pair of inclined
plane walls, each said plane wall merging into a top
edge of a respective vertical plane wall of said funnel.

8. A fossil-fuel fired vapor generator comprising:

d

a vertical gas flue including a plurality of vertically

extending tubes extending throughout said flue for
conveying a working medium therethrough; and

a funnel sealingly connected at a bottom end of said

gas flue having two inclined walls bounding two
long sides of a horizontal rectangular outlet open-
ing at a bottom end of said funnel and two vertical
plane walls bounding two short sides of said outlet
opening, said funnel including a plurality of heli-
cally extending tubes extending from said outlet
opening to said vertical tubes of said gas flue and
being 1n communication with said vertically ex-
tending tubes at said bottom end of said flue to
convey the working medium therebetween.

9. A fossil-fuel fired vapor generator as set forth in
claim 8 wherein said funnel tubes are of larger diameter
than said flue tubes and wherein at least two flue tubes
branch off from each funnel tube.
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10. A fossil-fuel fired vapor generator as set forth in
claim 8 wherein said funnel includes a pair of inclined
plane walls, each said plane wall merging into a top
edge of a respective vertical plane wall of said funnel.

11. A fossil-like fired vapor generator comprising:

a vertical gas flue including a plurality of vertically
extending tubes extending throughout said flue for
conveying a working medium therethrough and a
flue gas passage of rectangular cross-section; and

a funnel sealingly connected to a bottom end of said
gas flue, said funnel having a pair of vertical walls
and a pair of inclined walls extending from said
bottom end of said flue to define a flue gas passage
of decreasing cross-sectional shape in a downward
direction from said bottom end of said flue to an
outlet opening at a bottom end of said funnel, said
funnel having a plurality of helically extending
tubes extending from said flue to said outlet open-
ing for conveying the working medium there-
through, said helically extending tubes being con-
nected directly to said vertically extending tubes at
said bottom end of said flue to convey the working

medium therebetween.
X ax | x -
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